Rates of urinary excretion of total hydroxyproline by 38 normal fullsize male infants were determined on 176 occasions. Each urine collection period was 72 hours. When the period of urine collection was begun between the fourth and eighth day of life, mean rate of excretion was 30.6 mg/day (standard deviation 6.9 mglday). Maximal rates of urinary excretion were observed between 21 and 60 days of age (mean: 48.1 mglday; standard deviation 9.7 mg/day). Between 121 and 582 days of age, mean rate of excretion had decreased slightly to 43 mglday.
Introduction
useful and may contribute to our understanding of growth. The nonessential amino acid, hydroxyproline, accounts Newly formed collagen is soluble in neutral salt solufor about 13 % by weight of collagen and about 1.5 % tions and is metabolically quite active, while mature colby weight of elastin [18] . Because hydroxyproline is not lagen is insoluble and metabolically relatively inert. Alfound in other body tissues and because the amount of though newly formed collagen accounts for only a small collagen in the body is so much greater than the amount percentage of total body collagen, its contribution to of elastin, urinary excretion of endogenous hydroxyurinary excretion of endogenous hydroxyproline is relaproline is derived almost entirely from collagen. A numtively great. In view of this considerable contribution ber of studies have suggested that rate of urinary excreof newly formed collagen to urinary excretion of hydrotion of hydroxyproline reflects rate of collagen metaxyproline, it is not surprising that rates of excretion, exbolism [2, 6, 7, 8, 9, 11, 13, 15, 17, 18, 191 . Studies of pressed as milligrams/day, have generally been reporthydroxyproline excretion may therefore be clinically ed to be somewhat greater in children than in adults.
The present study was undertaken for two reasons: First, to provide additional data on urinary excretion of endogenous hydroxyproline by normal infants; second, to explore the relationship between urinary excretion of endogenous hydroxyproline and rate of increase in length, reflecting rate of bone growth.
Subjects and Feedings
Thirty-eight normal fullsize male infants were studied. Birth weight ranged from 2.56 to 5.01 kg with mean of 3.43 kg. Six infants weighed less than 3.0 kg at birth. Twenty-five infants were studied only once and were between 4 and 10 days of age when the 72-hour collection of urine was begun. These infants were born in the University Hospitals of unwed mothers and were observed while awaiting disposition by a placement agency. The other 13 subjects were children of students in the University or of other individuals living in the community and remained at home except when admitted to the Metabolic Unit for performance of metabolic balance studies. Thirteen infants were studied serially with 6 to 17 collections of urine obtained from each infant. One infant was studied only once (at the age of 190 days) and one was studied only three times (between the ages of 526 and 582 days).
All infants were fed ad libitum with formulas providing 67 kca1/100 ml. These formulas provided the sole caloric intake until 120 days of age. After 120 days of age, additional collagen-free foods were permitted. Meat, fish, gelatin, jello, ice cream and candy were specifically prohibited. Hydroxyproline excreted in the urine could therefore be considered to be of endogenous origin.
Procedures and Methods
Rates of growth in length and weight were determined as described previously [4, 5] . Surface area was estimated from a nomogram.
Urine was collected on metabolic beds in such a manner that fecal contamination of the urine did not occur [3, 51. All collections were periods of 72 hours. Specimens were stored in a refrigerator until the end of a collection period and then acidified to approximately pH 1.0 and maintained at room temperature until hydroxyproline determinations were made. Loss of hydroxyproline during the collection period was less than 5 % of the total as judged from comparison of results of determinations on urine collected in jars with and without acid. Duration of storage at room temperature after acidification could not be shown to influence the result of hydroxyproline determination. Because content of hydroxyproline was found to decrease during storage of unacidified urine even when frozen, determinations of hydroxyproline were made only with specimens that had been acidified immediately after collection.
In determining hydroxyproline content of urine, hydrolysis was carried out as described by PROCKOP and UDENFRIEND [14] . The method of NEUMAN and LOGAN [12] as modified by SERAFINI-CESSI and CESSI [16] was then carried out. All values reported refer to total (i. e. free plus peptide-bound) hydroxyproline.
Results
Results of analysis of 176 samples of urine, each representing a 72-hour period of collection, are presented in table I. Ages of the infants refer to age on the first day of the collection.
Relation to Age, Weight and Surface Area
As may be seen from figure 1, rates of urinary excretion of hydroxyproline, expressed as milligrams per day, increased rather rapidly during the early days of life and then, with relatively few exceptions, remained between 20 and 70 mg/day.
Because rates of urinary excretion (mg/day) remained rather constant between about 10 and 200 days of age while body length and weight rapidly increased, rates of excretion expressed in relation to body weight (mgjkglday) or surface area (mg/m 2 /day) decreased with increasing age (figs. 2 and 3). After 200 days of age, only 17 observations were made and these varied from 2.0 to 7.7mg/kg/dayand from 44.4 to 162.2 mg/m 2 /day.
Relation to Change in Length, Change in Weight and Change in Surface Area
Serial studies of 11 infants were considered satisfactory for analysis of mean urinary excretion of hydroxyproline in relation to rate of gain in length, weight and surface area. Each of these infants was studied on at least five occasions at intervals of at least two weeks between the ages of 20 and 120 days. Results of these studies are presented in table I1 and figures 4-6. The mean rate of urinary excretion of hydroxyproline (mg/day) for each infant during the 100-day period is plotted in figure 4 against his mean rate of gain in length (mmlday), in figure 5 against his mean rate of gain in weight (gmlday) and in figure 6 against his mean rate of increase in surface area. Neither rate of gain in weight nor rate of increase in surface area was signiiicantly correlated with rate of excretion of hydroxyproline. However, the regression of urinary excretion of hydroxyproline (mg/day) on rate of change in length (mmlday) demonstrated a coefficient of correlation of 0.74. 
Comment
Urinary excretion of endogenous hydroxyproline reflects rate of degradation of collagen, which, in turn, is related at least in part to rate of synthesis of collagen. Disorders in which rates of urinary excretion of hydroxyproline are depressed include malnutrition, hypothyroidism and dwarfism, whether of pituitary or other nature, and infantile protein-calorie malnutrition [6, 7, 11, 13, 17, 181 . Disorders associated with increased rates of urinary excretion of hydroxyproline include hyperthyroidism, malabsorption syndromes, rickets and vitamin D-resistant rickets. Rates of excretion are also increased during recovery from infantile protein-calorie malnutrition. Because the determination of the rate of excretion of hydroxyproline may have clinical usefulness, establishment of the range of normal values at various ages is desirable. Previously published data on excretion of hydroxyproline by normal infants are not extensive. KLEIN and TEREE [lo] have reported results of analysis of 38 specimens of urine from normal infants ranging from 1 to 60 days of age. Each urine specimen represented a 12-or 24-hour collection. Rates of excretion (mglday) increased rapidly during the first two weeks of life and then more gradually. The increasing rates of excretion are, of course, demonstrated more dramatically during the early days of life by study of 12-to 24-hour specimens of urine than by the 72-hour specimens examined in the present study.
The mean rate of urinary excretion of hydroxyproline (38.8 mg/day) in 15 studies of infants between 9 and 20 days of age (table I) is somewhat less than the value (45.4 mg/day) reported by KLEIN and TEREE [lo] from study of 13 infants in this age range. The results of KLEIN and TEREE may have been falsely high because of inclusion of chromogenic substances other than hydroxyproline. Such materials are largely excluded by the distillation procedure of SERAFINI-CESSI and CESSI [16] used in the present study.
ALLISON et al. [l] have reported considerably lower rates of urinary excretion of hydroxyproline by young infants than those reported by KLEIN and TEREE [lo] and those described in this paper. However, ALLISON et al. state that the urine was frozen (presumably without acidification) before analysis, a practice that we have found to result in decrease in concentration of hydroxyproline.
Previously reported data concerning urinary excretion of hydroxyproline by infants older than two months are extremely meager. JASIN et al. [6] reported mean urinary excretion of hydroxyproline of 32.7 mg/day (range 17.6 to 43.0) for seven normal infants between birth and 12 months of age. In relation to surface area, the mean excretion was 102.2 mg/m 2 /day (range 48 to 130). Similar values were found for nine hospitalized infants. KIVIRIKKO and LAITINEN [7] reported a mean excretion of 115.4mg/m 2 /day (standarddeviation40.3) for 24 infants between birth and 12 months of age.
Data presented here and in the report by KLEIN and TEREE [lo] suggest that urinary excretion of hydroxyproline may be conveniently expressed as milligrams per day. After the first few days of life, the normal range will then be found to remain relatively constant throughout infancy. On the other hand, if values are expressed in relation to surface area, normal values will be found to differ remarkably with age. For example, mean rates of excretion in the present study were 191.1, 123.7 and 95.9 mg/m 2 /day, respectively, for the age intervals 21 to 60, 121 to 200 and 201 to 582 days of age (table I) .
Other investigators [2, 8, 91 have concluded that urinary excretion of hydroxyproline reflects rate of metabolism of collagen in bone. The correlation demonstrated in the present study between rate of gain in length and average rate of urinary excretion of hydroxyproline supports this conclusion.
